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,,-I-.;\ United States cS:od 760 S. Broadway
: i . Jepartment of onservation .
&,,2 Agriculture Service Salina, Kansas

67401 J02RM~ 0CF T

l»/
March 18, 1985

- e

~C -
Ms. Alice Fuerst ) , e
Super Fund Department A
Environmental Protection Agency , B B
324 East 11th Street )
Kansas City, Missouri 64106 ‘ Al

Dear Ms. Fuerst:

Enclosed are some unpublished data on heavy metals in Cherokee County,
Kansas. These sites were sampled in 1981 and 1982.

I am also enclosing a copy of "Notes and Summary of Heavy Metals in
Cherokee County, Kansas," by Edward Fleming. This is a brief write up
relating to the sampling in 1981 and 1982. It contains some of the
same data as the other enclosures.

IT you have any questions, please contact William E. Roth, our state
soil scientist. His phone number is 913-823-4558.

Sincerely,

/é/:éz cc{ Zf/ >é,4i’mjy

Richard G. Jones
State Resource Conservationist
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United States Sou Box 600
Department of Conservation Salina, Kansas

Agriculture - © Service - - T T ——g9rol

SOILS - Heavy Metals Study = Date: December 14, 1981

h k t K
Cherokee County, Kansas File Code: 430-13_

Dr. R. L. Lhaney, Resource Agronomist, USDA Biological Water Management &
Research\ Lab, Beltsville, Maryland 20705

I am attaching the data for the six samples we collected this year. The
laboratory number is shown on the sheet with the locations.

Sample #4 (2373) was collected near the smelter location site (3000 feet
northeast) that was sampled in our previous study ten years ago. I have
penciled in that data below our recent data., It appears that there has
been a decrease of contaminants but this sample is to a depth of 7 inches
rather than the 2 inch depth of the previous sample. 1If we average the

“old data to a depth of 7 inches, we do not show any increase in
contaminants except lead if we assume that the last inch has one half the .-
concentration of the 4 to 6 inch sample.

Since all these samples have contaminates above the tolerable levels, we
plan to widen our area of sampling. We will inform you of our plans when

they are completed. Please let us know if you have any suggestions for
this sampling.

The grass samples you requested by telephone have been mailed to you from
Ed Fleming at Altamont.

If you have any questions or suggestions, please contact Gene Mayhugh or
myself. ’

William E. Roth
State Soil Scientist

Attachments

cc: (w/attachments)

Ed Fleming, SCS, Altamont -

Dr. Orville W. Bidwell, KSU, Manhattan

Harold Dickey, SCS, Lawrence

Jerry Welch, Kansas Geologic Survey, Lawrence

Thae Son Conservation Servece
3 3N agency of tihe
Decarimant of Aqcuityre

SCS-AS-2

moro
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Introducticn c ' ..

The lead and zink mining and milling cccurs aleng the north west sxdc of
the Ozark Uplift and occupies about 1188 sq. miles, 8C0,030 Ac. (1) In

Kansas™ the timringacTrivity octurcd—irChorckee county within an area of

about 80 sq. wiles. Extensive mining = begin in the region about 1€50

- - N . -

and in Kansas about 1870 and ceased atout 1960,

» . . .- . . - .
»

The‘lead‘ore vas Eeperated froﬁ the rock by crushing then washing (the
specific gravity ol the two is different). This wash ended up back in
streans carrying with it some heavy metals (cadmium, copper, lead, zink);
When lead was smelted by heat the buv-product produced within the stack
wzs "lead fume or lead arsenic”. Much of it escaped into the zir and was
deposited down wind, Some of this accurmulated on the inter-wvall of the
stack. U'hen it was retoved it was thrown into strears or deposited near
the site. Later the preduct was used in paint. The {ure coming out of

the stack also was hipgh in zink and sulfate. These small historic

srelters were scattered throuth out the area.

In Kansas the production cf zirk started atcut 1870, The srelting of

zink required ruch heat; therefore arourd 1970 zirc ore was transported

north ard west to the coal and gas flelds near Tittsburg, Veir, Cherryvale,
Ceodesha, Chanute, and Iola, sl! 52 to 100 riles away. Later gas "as v
sired to the reglon.  as Ue;Hst of trunspertaticr innrow !, srelting of

cre Lecame more aentr.lized, 'ﬁ lar;e plant was built near Galena aout

1£9C (plant area vovers aleut 67 acres),
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_In Auzust 1971 soil and vegetative sarples were collected in an area

ektghdiHQVSbbo feet in all dircctions from the plant at Calena (about
600 foet easﬁhand 1500 feet south of the rorth west corner of section

- [ . .
13-T343-2252), (211h;rty soll sauples wcre taken to a depth of six

>

inches, 14 samples of grass or other ve,etation, and two samples of

legunies, Sample points were ceasurced fror ceunter of plant area. Only

ve,etation remaining 3/4 glle of plant area were few blackjack CAKS

(Quercus marilandica) and scattered clurps of switchgrass (lPanicum virgatum).
Cnly legures within one mile was a few sprigs of lespedrza and a wild legurne.
Soils sarpled were within tle follewing series, Clarlisville (sormevhat

excessively drained), Gerald (somewhat poorly drained), and Mixa (moderctely

well draoined). !Mean annual precenitation is atout 85 inches,

The conclusicn prevails that a seriols centamiraticn exists aleng the
northeast-southizect transect, in accord with sravailing southuesterly winds
in the surrer, and ncitheasterly winds in the uinter. Yote [igure cne.

Tre contaminaticn becores clear {rom the follewing select soil sacples

and ,rass sakples.



In 19E1 soil samples were mllected on flood plain of Short Creek which

drains area surrounding the Galena swmelter site. Also doun wind €rom a
suall historic srelter and down wind from chat piles.
Soil sample (581K5-)21-1-1*) collected in the uppcr 8 inches of a Lanton

scries avout 23 niles dewn stream from Galena plunt contained the

fellewing - Zn 3123 ppry, Cu S5 ppr, 2k EZC purm, CZ& 22 ppm,.

Soil sau

g

le (SE1175-021-2-1%) collected in upper € inches of a Taloka series
atout one mile duwn wind fror historic plant and present chat piles contained

the folleowing - Za 559 ppr, Cu 7 ppr, b S5 ppr, Cd & ppm,

Materizl sampled in winnored area within area of chat piles and durnus
(S01RS=-021-3-1%) and unper 6 inches of Talela series (SE1173-021-5-1 ard
C=-17) deowruind ona half rile and one mile resvectively contained the

tollowuin,:

Sarple llo. <n Cu PL od
——— e —— - PPllm e m e e e e

3-1 16320 30 1600 €1
5-1 320 9 95 1.€
6-1 120 7 22 0.6

pote U3S0A-SC3 Salina, Us. letter dated 124148271 {ile code 8300213 SOIIS -

—

eavy htuls Studv-Chervkee County, V3. - .. . : -



Refercnce Material

(1) Uilderness Bonanza” The Tri~State District of Missouri, Kansas

and Cklahona by Arrell ¥, Gibson, 'niversitv of Cklahora Press: Nlorman,

(2) Lagerwerff, J. V., DO. L. Srowver and G. T. Eiersdorf. 1073 Accurulation

of cadiium, copper, lead and zinc in soil zn? vegetation in the
proximity of a smeltcr: In: Trace Substances in Lnvirencental
Health-VI, T¢llert D, llenphill, Ud., University of Missouri,

Columbia pp 71 - 78,

A

(3) Lagerwverff, J. V. and D. L. Brower. 1975, Efflect of a scelter on the

agcricultural cenditicns in the surrounding environment. In: Trace

Substances in Lrnvironmental ilcalth-VIII, D. 2. llenphill, I4,, Univers

of Misscuri, Cclurbia, pp. 203-212.

() vLagerwerff, J. V. and 2. L. Cower., L975 Source Determination of
Veavy Vtetal Centarinants in the Soil of a Mime an! fuwalter aArea.

In: Trace Cubstcances in Laviroumental ‘lealth-TX, D. D. "emphill
Cd., University of tlicsouri, Columbia, pp 2C7-215,

~ £eur
,/541 C: ,”/T:.)Vo«‘(‘c
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(b) La""cr r'(”‘" &C‘A"\GTQFN‘(*§' S; S\’:d/ﬂ//;/
fo“/oof Oocter 1,971 /A/gf”-u/_“ (<] Prezarch Ser//.cvﬂ-/ 33/7‘501’,"-’) A
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USDA - SOTL CONSERVATION SERVICE
NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA

. JULY 1983

Trace Metal Content of U.S. Soils
(HNO3 Extract)

N

o e8 2y cu
Mean (ppm) 0.27 21 57 29
Median 0.20 11 54 18
Mode 0.17 9 1.5 17
Std. Dev. 0.26 142 39 39

c. V. 97 670 69 137
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the map numbers on laboratory data dated July 1983.
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USDA - SOIL CONSERVATION SERVICE
NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA

JULY 1983 : /
. _ VeSS OETRSNS ;e
WP STTE N0, K OFPTH NS N CPPER LED  CAOMIIM
No. —on Ho, W/ g——ug/ g/ T——ug/g———
1 S 82 KS-821-4-1 o 512 3823 K<) 4.5 14 2.8
1 S 82 KS-021-4-2 3 n-28 3824 28 7.4 12 12
1 § 82 XS-021-4-3 Btal 33-%3 387S 7B 2 14 2
1 S 82 KS-821-4—4 Bte? SB-45 3826 [9 17 13 23
2 S 82 KS-921-7-1 o 7.513 k-3174 40 5.4 15 ° .3
2 S 82 KS-021-7-2 E 28-75 3928 25 7.5 15 09
3 S 82 KS-021-8-1 o 1.51S 3829 8s 9.4 2 9
3 S 82 KS-021-8-2 € =8 , 331 19 8.8 10 A0
] S 82 KS-i21-9-1 e 7.5-13 83t Ny 7.4 17 24
4 S 82 KS-021-9-2 £ 23-28 k': <4 19 8.4 18 18
4 S 82 K5-021-9-3 Bt 3845 8’83 81 28 15 .24
3 S 82 KS-921-9-4 Bt2  58-4S BH b T« 16 2.3
S S 82 KS-021-10~1 Al 2.57.5 3835 300 11 N | 1.6
S S 82 KS-021-10-2 A2 10-15 3’6150 8.6 9 .68
3 S 82 KS-021-11-1 o 7515 BT 140 4.3 ro) x| :
& S 82 Ks5-421-11-2 F 20-75 3838 A 5.7 12 .28
3 S 82 KS-021-11-3 Btt 4550 3839 S 2 18 a7
b S 82 KS-321-114 Bt2  40-65 3848 4% 16 16 33
7 S 82 XS-021-12-1 A 7.5-13 3841 2800 3% 720 pa
7 S 82 KS-921-12-2 £ 23-28 3842 4000 7 219 9
<8 S 82 KS-021-13-1 o 7.512 3843 72 12 A 3.
8 S 82 KS-021-13-2 £ 18-23 . 3m 3% 1 . 15 .10
9 S 82 KS-021-14-1 e 7.5-1% 3845 2300 K 178 19
9 S 82 K5-021-14-2 At 18-25 W46 2409 28 el 17
1 S 82 K5-021-15-1 fe 16-15 3847 788 17 63 1.9
1 S 82 KS-821-15-2 Al 2-28 3848 509 12 kg 2.8
11 S 82 KS-921-14~1 o 0-18 349 470 11 ® 2.5
11 S 82 KS-#21-14~2 AL 20-28 3850 250 10 k)| 1.9
12 S 82 KS-921-17-1 e 018 3851 74 7.7 2 .53
12 S 82 KS-821-17-2 3 18-38 3852 n 5.8 8 09
13 S 82 KS5-121-18-1 fo -8 383 74 5.4 ya] .49
13 S 82 K3-021-18-2 E 530 3854 13 5.5 13 .08
13§ 82 K5-921-16-3 Bt 45-58 B3 &4 18 14 39
14 S 82 KS-921-19-1 fe ¢-18 3654 Yo 4.9 1 s
14 S 82 K5-321-19-2 3 =35 -39/ 14 bt 11 W11
15 S 82 XKS-021-28-1 . Ae . 14 3858 K} 18 12 .2t
13 S 82 KS~021-20-2 £ -5 3859 7 1 11 2
15 S &2 KS-921-28~3 Bl TN 3868 88 38 18 65
’ '.jx . (Y‘qgj) A ST X _2,:".‘ __,"

S - dee <) ) A
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Hepler series, grass and tress down stream from chat—pile -on £lood—plain~____ __
2000 feet W and 1500 feet N, of the gk corner of Sec., 33 - T34S - R24LE, (Map code 7)

S 82 KB-021-12-1 ...e0es A 7.5 to 13 cm

Hepler series, cultivated down stream from chat pile on flood plain - 2300 feet
S and 1300 feet 4. of the NE corner of Sec, 34 - T34S - R24E, (Map code 8)

S 82 KS-021-13-1 .4..... Ap 7,5 to 12 cm

S 82 KS-021-13-2*%,...... E18 to 23 ecm ~ ~— ~—° — -

Verdigris series, cultivated (Spring River valley below power dam) ~ 1700 feet W
and 400 feet S of the NE corner of Sec. 25 - T34S - R24E, (Map code 9)

8 82 KS-OZI-I‘#—l oo e ss Qe Ap 7.5 tO 15 (03]
S 82 KS-201-14-2*,,,.... Al 18 to 25 ¢cm

A

Lanton series, cultivated (Spring River valley below power dam) - 2200 feet S
and 900 feet W of the NE corner of Sec. 25 - T34S - R24E, (Map code 10)

S 82 KS5-021-15-1 seseee. Ap 10 to 15 cm
S 82 KS-021-15-2*,...... Al 22 to 28 cm

HYepler series, cultivate. (Spring River valley below powar dam) 2400 Eeet W.

and 1400 feet S. of the NE corner of*Sec. 31 - T34S - R25E (Map code 11)
571 k3 PERE

S 82 KS-021-16-1 ¢ese.es Ap O to 18 cm

5 82 KS-021-16-2%*,.40... /1 20 to 28 cn

Hepler series, cultivated down stream from chat pile on flood plain -~ 2400 feet
E and 2500 feet N of the SW corner of Sec. 34 - T34S - R24E, (Map code 12)

S 82 Ks-201-17-1 L2 I W Ap O tO 18 cm
S 82 KS-021-172* .eeee.o E 18 to 30 cm

Taloka series, cultivated - 1300 feet E and 500 feet S of the Nw corner of
Section 2, T353 -~ R23E, (Map code 13)

S 82 KS-021-18-1 44e¢s+0. Ap 0 to 18 cm
S 82 KS-021-18-2 ....c.. E 25 to 30 cm
S 82 KS-021-18-3*,4¢.... Btl 45 to 50 cm

Parsons series, cultivated - 2200 feet E and 500 feet S of the NW corner of
Sec, 20 - T34S -~ R23IE. (Map code 14)

S 82 KS5-021-19-1 .....e. Ap O to 18 cm .
S 82 KS-021-19-2%....... E 25 to 35 cm

Parsons series, cultivated - 1500 feet W and 2300 feet N. of the SE corner of
Sec., 34 - T34S -~ R23E. (map code 15)

S 82 KS-021-20-1 ....... Ap 0-14 cm
S 82 KS-021419-2 ....... E 20-25 cm
S 82 KS-021-=}9-3% ...... Btl 35-40 cm



Heavy Metal study in Cherokee County,
Location: Note each sample below,
Date: July 1982

Collected by E. L. Fleming and H. D. Owens

Kansag oo — -

Parsons series, cultivated - 1000 feet E, and 500 feet S, of the NW corner
of sec. 12 ~ T34S - R23E. (Map Code 1)

32:3( S 82 KS=021=6=1 .......Ap S to 12 cm

> < S 82 KS-021-6-2 .......E 23 to 28 c3- — - ——
2,3%> 3 82 KS-021-6-3 ..ee....Btgl 38 to 43 cm

557-"'5 82 Ks-021-6-4* ,...,.3tg2 58 to 65 cm

Parsons series, cultivated - 2000 feet W. and 500 feet S. of the NE corner
of section 13 - T34S -~ R23E, (Map code 2) )

3827 § 82 KS-021-7-1 «.....Ap 7.5 to 13 cam
ZBW S 82 KS-021-7-2%,.....E 20 to 25 cm

Taloka series, cultivated - 500 feet W and 500 feet N ot the SE corner of
_ section 20 - T34S - R24B, (Map code 3)
_
s p) S 82 KS-021-8-1 4ee.. Ap 7.5 to 15 cm.
IRIO S 82 KS-021-8-2* ,... E 23 to 28 cm,

Taloka series, cultivated - 1000 feet S and 500 feet W of the NE corner of
Sec. 30 - T345 - R24E, (Mape Code 4)

38313 g2 KS-021-9-1 eee.. Ap 7.5 to 13 cm
38325 82 KS-021-9=2 ..... E 23 to 28 cm

38335 82 KS-021-9-3 ..... Btl 38 to 45 cm.
2834 S 82 KS-021-9-4*,,.., Bt2 S8 to 65 cm

Taloka series, native grass - 1500 feet 7, and 500 feet S, of the NZ corner
of sec. 6 - T35S ~ R2ULE., (Map code 5)

383S 5 82 KS-021-10-1 ... Al 2.5 to 7.5 cm
a3l S 82 KS-021-10-2*.... A2 10 to 15 cm

Taloka series, cultivated - 2000 feet W. and 500 feet S. of the NE corner
of sec. 12 - T35S - R23E. (Map code 6)

3833 5 82 KS=021-11-1 ee.... Ap 7.5 to 15 cm
5838 5 g2 KS-021=11-2 e..... F 20 to 25 cm

383% S 82 KS-021-11-3 ...... Btl 45 to SO ecm
Z3do S 82 KS-021-11-4% ,.... Bt2 60 to 65 cm



USDA - SOIL CONSERVATION SERVICE
NATIONAL SOIL SURVEY LABORATORY
LINCOLN, NEBRASKA

DATE:
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TABEULATION OF-15 EAR MOISTURE
FIELD CAN WEIGHTS B
NO. TSAMFLE MO0, "AIR-DRY = OVEN-DRY
3I2HS-021-6-1 3782F3823 1 33,44 32
32KS-021-4-2 3782F3824 2 33.04 Jh.h
32KS-021-6-3 3782F3825 3 37.92 3S.17
32KS-021-6-4 3782F3826 4 5.5 33.46
32KS-021-7-1 3782F 5827 S 34,68 23.88
32KS—021— -2 3782F3828 6 27.19 26,13
82KS-021-8-1 3782F2829 7 31.15 30.2
32KS-021~ 8 -2 3782F3830 8 30.47 29.79
:xsueﬂx -9-1 3782F3631 9 25,29 LJ.49
2KS-021-9-2 3782F3832 10 33.88 2.99
32KS5-021-9-3 3782F3833 11 34.54 32.04
32K5-021-9-4 3732F 3834 2 33.5 306.87
22HS-021-10-1 3762F2835 13 31.58 36.10
62%5-021-10~-2 3782F3836 14 30.52 27.47
82HS-021-11-1 3782F3837 S 31.4 30.96
i82KG-021-11~ 3732F3838 1% 29.49 25.04
i82KS-021-11-3 3782F3839 17 2.70 30.40
,a°vs 021-11-4 3782F3840 13 30.72 27 .46
;82K5-021-12-1 3782F33841 19 31.57 30.40
hvs 021-12-2 3782F3842 2 20.10 29.41
182HS~-021-13-1 3782F3843 21 36.46 29.69
B2KS-021-13-2 3782F3844 22 30.54 29.41
82KS-021-14~-1 37G2F3845 23 31.79 30.65
B2KS-021-14-2 3702F38446 24 35.00 33.64
B2KS-021-15-1 3782F3847 25 30.464 29,643
182KS8-021-15-2 3782F3348 2 33.78 32.55
82HS-021-16—-1 378B2F3849 2 32.10 31.19
i82KS-021-16-2 3782F38S0 2 30.89 29.85
382HS-021-17-1 3782F3851 29 31.36 30.53
B2KS~021-17-2 3782F38S2 30 32.11 31.46
182KS-021-18-1 3782f38%3 31 29.17 28.79
) B2KS-021-18-2 3782F33%4 2 30.74 30.2
82KS5-021-18-3 3782F38S5S . 33 34.40 31.93
i82K5-021-19-1 3782F3856 34 31.35 30.84
}82KS5-021~-19-2 3782F38S7 .35 31.73 31.09
}82KS-021-20-1 3782F38S8 36 31.94 31.10
;82HS-021-20~2 3782F3859 37 31.18 30.20
iB2KS~-021-20~-3 3782F3860 38 33.02 30.34
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. '\‘Q Untea States Sod Midwest National Technical Center
gy Jecanthent o onservahion Federal Building, Room 345
=T Agneutture Servce 100 Centennial Mall North, Box 82502
—  .-— . Lincoln, NE 68501

FTS 541-5363; Commercial 402-471-5363

swoject:  SOILS - Check Data - Kansas, 1982: Cherokee oate:  July 14, 1983
County - Heavy Metals Study (RP82-KS$224) :

To: Wl]ham E. ROth Fiie Code: 430']3'5
State Soil Scientist

Soil Conservation Service .-
760 South Broadway — — 7 —— "~ .
Salina, KS 67401

Attached are data, list of sites, and a sheet listing the mean, median,

and mode values for trace element content of soils in the United States.

Please contact us if you have any questions concerning the data.

- Lo rpl

MAURIC= J. MAUSBACH
Liaison to the Midwest )
National Soil Survey Laboratory

v/ - A
V14jﬂé€l4a( Csz{44A?/C§f?

Attachirents

cc:

J. W. Tippie, State Conservationist, SCS, Salina, KS

R. F. Harner, Head, Soils Staff, MNTC, SCS, Lincoln, NE

A. R. Hidlebaugh, National Coordinator, Soil Survey Research, SCS, Washington,
C. S. Holzhey, Head, NSSL, MNTC, SCS, Lincoln, NE

The Soi Conservahion Servce
y '3 an sQencCy of the

Qepartment of Agrcultwe



United States Sorl Midwest TSC

Department ot Conservation Federal Building, Room 393

Agneuiture - SeM©® | 100 Centennial Mall North, Box 82503 _
Lincoln, NE 68501

FTS S41-5363; Commercial L02-471-5363

subject: 430-SOILS - Lead-Cadmium Study pate October 30, 1981

7o. Richard E. Mayhugh
Soil Correlator- -- _——— - ——_—— -
SCS, Salira, KS

The heavy metal data requested for Cherckee County soils are as follows:

N cuU PB CD
Soeil - = - - - - PPM = - = = = = = =
2370 3100 55 800 227
2371 550 7 55 b
2372 16000 30 1000 81
-- 2373 1600 24 260. 19
2374 300 9 95 1.8
2375 120 7 22 0.6

Z W fa! 7o 22
74

GEORGE HOLMGRE '
Research Soil Scientist
National Scoil Survey Laboratory

c: :
Fleming, Soil SCIEﬂtlSu, SCS, Emporia, KS
. Post, Soil Correlator, Soils Staff, MTSC, SCS, Lincoln, NE

DN

. L.
J

The So# Conservation Service
U 's an agency ol he

Department ot Agrcuiture



SITES SAMPLED IN 1981
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Cherokee County, Kansas - Heavy Metal Study

Date: October 20, 1981

Collector: Edward L. Fleming, Soil Scientist

Sample Number Soil No. Item Collected

S81KS-021-1-1* 2370 0 to 8 inches of Lanton silt loam collected from
Short Creek flood plain about 24 miles down stream
from smelter. 1700 feet east and 200 feet north
of SW corner of sec. 9, T. 34., R. 25 E.

S81KS-021-2-1* 2371 0 to 8 inches of Taloka silt loam collected about
one half mile northeast of old smelter. 300 feet
north and 250 feet west of SE corner of sec. 9,
T.35S., R24 E.

S81KS-021-3-1* 2372 Sample collected from winnowed area within map
unit Dumps, mine. 1500 feet west of SE corner
of Sec. 11, T. 35 S., R. 23 E.

S81KS-021-4-1 2373 0 to 7 inches of Nixa cherty silt loam collected about
one half mile northeast of smelter. 1700 feet north
and 1600 feet east of SW corner of sec. 12,
T. 38 S., R. 25 E.

S81KS-021-5-1* 2374 0 to 6 inches of Taloka silt loam collected about
one half mile north and east of map unit Oumps,
mine. 1000 feet south and 500 feet east of NW
corner of sec. 12., T. 35 S., R. 23 E.

S81KS-021-6-1* 2375 0 to 6 inches of Taloka silt loam collected about
one mile north and east of map unit Dumps, mine.
1500 feet east and 500 feet north of SW corner
of sec. 1, T. 35 S., R. 23 E.



